kg LW) in a B*B Latin square. Eight isonitrogenous diets with 160 g CP/kg were formulated from barley and barley protein supplemented with the two lysine sources at levels of none, I, 2 and 3 g/kg to provide 5.5, 6.5, 7.5 and 8.5 g/kg total dietary lysine. Barley-SBM served as a contol diet. The dietary lysine concentration had substantial effect on N retention and metabolism. The lysine supplements to the cereal-based diet with a low lysine content, 5.5 g/kg, significantly improved Nretention, decreased urinary-N excretion and enhanced protein utilization and daily gain. There was a linear response of N-retention, urinary-N and urea-N excretion and apparent biological value (P<0.001) to lysine supplementation level. As the lysine concentration was gradually increased, the efficiency of N retention in relation to N intake and absorbed N increased linearily. No difference was found in N balance parameters between the two lysine sources, liquid vs. crystalline form being equal in their response. Pigs fed the SBM-diet compared to the barley protein diet fortified with lysine did not differ in response of N retention and protein utilization, but SBM lead to lower urinary-N excretion. N retention, urinary-N excretion and biological value as parameters for protein utilization showed lower variability (CV 0.08-0.10) compared to urinary urea-N excretion (CV 0.20). Regression coefficients of responses of protein utilization to liquid lysine were overall lower than those to crystalline lysine.
Introduction
A feed protein seldom contains an amino acid composition which is similar to the requirements of the growing pig. Lysine is generally considered as the first limiting amino acid in conventional cereal based diets for pig (Fuller et al. 1979 , Näsi 1989 . The cereal based pig diets are supplemented with protein sources to increase the total protein content and to counteract any essential amino acid deficiency. When the diets are supplemented with protein concentrate, with the aim of reaching levels of lysine optimal for protein synthesis, the amounts of other amino acids may become excessive. Amino acids surplus to the pig's requirement are catabolized causing nitrogen (N) and urea losses in urine. Increasing amounts of digestible crude protein (CP) in the diet enhance the energy loss in the urine, decrease metabolizable energy (ME) in relation to digestible energy and also decrease the efficiency of utilization of ME. Thus the catabolism of excess protein reduces net energy available for pig growth (Just 1982 ).
An ideal protein for pig growth can be described as one which supplies the optimum balance of essential amino acids together with sufficient N for the synthesis ofnon-essential amino acids. Proteins of high nutritional value for pig tend to resemble the lean tissue in their amino acid composition and are close to the dietary amino acid pattern which leads to the highest utilization of the dietary protein (ARC 1981, Wang and Fuller 1989) . L-lysine and DL-methionine are two amino acids which are commonly used in pig diets to replace or supplement natural intact protein sources of lysine and methionine. The purpose of using synthetic amino acids in the pig diets is to reduce CP levels and cut the cost of the diets without deteriorating pig performances.
Cereal protein after starch and ethanol process (Näsi 1988) has a low quality of protein (Linko et al. 1989) considering the degree to which the composition of the absorbed amino acids is in accordance with the balance that is required by the pig (Näsi 1989) . The amino acid composition of barley protein can be improved as a protein souce for pig feeding by fortification with pure lysine (Näsi 1989) . Barley feed fractions to the pig farms are delivered commonly in a liquid form, which reduces the feed cost due to dehydration and eliminates deterioration of the protein quality in drying process. Lysine supplementation to wet barley protein could be employed as liquid form, which would reduce the production costs of the lysine process and would avoid to a greater extent the environmental problems of waste waters in crystallization and purification of crystalline lysine.
The present paper reports an experiment which was conducted to determine the efficiency of the liquid lysine product compared to crystalline form in protein utilization of growing pigs as affected by the dietary lysine concentration in a barley-barley protein lysine deficient diet.
Material and methods
Eight dietary treatments were used in comparisons of the lysine forms and levels of supply as outlined in Table 1 . The diets were formulated isonitrogenous to supply 160 g CP per kg barley meal based feed mixture. Protein supplementation was made with barley protein derived from integrated starchethanol production (Alko Ltd. Koskenkorva) according to the process described by Näsi (1988) .
As the (positive) control diet served barley supplemented with soybean meal to yield equal protein supply. The chemical composition of the feed ingredients are presented in Table 2 . Lysine supplementation of the diets (1, 2, and 3 g pure lysine/ kg feed mixture) was made using a liquid product form in fermentation by Brevibacterium flavum, strain V-5, emloying the technology developed at the August Kirchenstein Institute of Microbiology of the Latvian Academy of Sciences, Riga (Beker et al. 1971 ). The culture liquid was sterilized and dehydrated in a vacuum-vapour evaporator up to a DM content of 400 g/kg. This product was stabilized by adding hydrochloric acid to pH 5.1. The crystalline lysine was a commercial product, Llysine monohydrochloride (Eurolysine).
The experiment was designed as a 8 x 8 balanced Latin square with growing pigs of castrated males (Landrace x Large White) with initial weight of 30.4 (SE 0.39) kg and final weight of 101.3 (SE 0.41) kg. The pigs were kept during the whole experiment in metal metabolism cages equipped with collection trays allowing separate collection of faeces and urine. Each period comprised 5 days of adjustment and 5 days of total collection of faeces and urine. The pigs were fed twice daily according to a restricted feeding regime and their diets were adequately fortified with minerals and vitamins (Salo et al. 1982) . The average daily DM intake was kept at 93 g/kg W°7 5 . The details of the procedure are the same as described by Näsi (1984) . Amino acids in liquid lysine and barley protein were determined by high-performance liquid chromatography. All animals completed the experiment successfully and the average daily balance, urinary-N and urea excretion, biological value and daily gain. The results were analysed by analysis of variance for Latin Square experiments and linear and quadratic functions were fitted to describe the response of lysine supplementation. The sums of squares for treatment effect were further separated into single degrees of freedom for comparisons of the dietary treatments (Snedecor and Cochran 1967) .
Results and discussion
The liquid lysine product contained 67.9 g/kg pure lysine and by adding to the diet one gram of lysine supplied at the same time 0.56 g N which is shown as a small increase of N supply in the diets (Table  3 ). The supply of other amino acids to the diet by adding liquid lysine was negligible due to the low concentrations of these ( Soybean meal as a lysine supplement compared to the pure lysine supplementation for equal dietary supply did not differ in response ofN retention and protein utilization (P>0.05), but lead to lower urinary-N excretion (P<0.01) and tended to achieve a little higher N retention in relation to N intake and biological value (P<0.06). The observation is similar to the previous study in which soybean meal was isonitrogenously replaced by barley protein fortified with lysine (Näsi 1989) . Since the threonine and sulphur-containing amino acid contents of the diets were marginally low, it is possibile that these amino acids could have become the limiting factors on addition of lysine. The fortification of the diet further with methionine and threonine did not have any response in the trial conducted by Näsi (1989) for liquid lysine source. The regression equation relating N-retention to dietary lysine supplementation indicates that lysine was used with a constant efficiency up to a supply of 8.5 g/kg. The response of daily gains of the pigs was in accordance with the N-retention results indicating that nitrogen balance can reasonably explain the protein accretion in the body. Lysine supplementation of 1 g/kg feed achieved 0.1 increase in N retention in this study. Low and Pittman (1979) found N retention to improve significantly by 0.106 in response to 0.2 increase of extra lysine, total lysine from 7.0 to 8.4 g/kg, but further supplementation was of no benefit. An almost similar response to N retention as in the present study has been found in boars when lysine was supplemented 1.5 and 3.0 g/kg (total lysine 4.7-7.7 g/kg). However, in barrows, only supplements up to 1.5 g/kg improved retention (Williams et al. 1984) . The genetical potential of the pigs causes a large variation in this respect. In the present experiment increasing increments of lysine to 8.5 g/kg of the diet did not reach a plateau so that the inflection point is at a higher concentration of lysine. The present observations of the response of protein utilization to supplemental lysine are in good agreement with the results given by Fuller et al. (1974) where it was found that a minimum urinary N excretion was obtained when L-lysine was added to barley at the rate of 3.6 g/kg.Further additions of lysine, methionine, isoleucine or tryptophan were without effect but additon of threonine reduced N excretion substantially, demonstrating it to be the second limiting amino acid.
Nitrogen retention in relation to absorbed N was low (0.466) in pigs fed diet, in which protein was provided by cereal protein only. Although barley protein derived in the starch ethanol process has a high digestibility of crude protein, 0.92 (Näsi 1989) , its potential as a protein source is rather low, because it is composed of the storage protein fractions of the seed having a low unbalanced lysine content (30-35 g/kg protein) (Linko et al. 1989) . Lysine supplementation improved the value up to 0.59, which is a similar value as that in a diet supplemented by lysine from soybean meal. Equal efficiencies of protein utilization have also been reported by Thorbek et al. (1984) The response of efficiency of N retention in relation to absorbed N to supplemental lysine during the course of the experiment is shown in Figure 1 . The values decreased with the development of the pig and with diets having higher lysine concentration. This is in line with the data presented by Thorbek et al. (1984) , who found 0.16 lower efficiency in pigs 80-120 kg live weight compared to pigs weighing 25-80 kg. Under practical conditions growing pigs retain about 0.45 of N fed with typical diets based on barley and SBM. Studies with growing gilts by Fuller et al. (1979) have shown that supplementation of barley diet with lysine and threonine increased the BV of barley protein from 0.51 to 0.86 while histidine supplement further increased the BV to 0.93. The highest efficiency ofN retention was achieved with diets having a ratio of at least 45:55 between the essential and the non essential amino acids. This included (g/16 g N) lysine 6.5, threonine 4.7, valine 4.9, methinine+cystine 4.1, isoleucine 3.9, leucine 7.2, phenylalanine+tyrosine 7.8 and tryptofan 1.2 (Wang and Fuller 1989) . In the present study lysine concentrations in feed protein were from as low as 34 g/kg for protein without lysine supplementation where the diet was based on barley protein, and increased gradually to 53 g/kg CP with lysine supplmentation, so that lysine levels were low in comparison to ideal protein composition.
Lysine supplementation in the diet decreased urea excretion g/kgW If the diet is kept constant in other nutritive factors but its amino acid composition changes as in this study, urinary N excretion alone can be assumed to reflect total protein utilization (Low et al. 1980) . The major end product ofamino acid catabolism in pigs is urea, the production of which reflects amino acid catabolism more closely than total urinary N excretion (Eggum 1973,Fuller and Wang 1987) .
In this study the coefficient of variation in urinary urea-N excretion was 0. 209, substantially higher than that of urinary N which was 0.109. This may indicate decomposition of urea between collections despite acidification of the urine. In the liquid lysine source there may be some residual nitrogenous material from the fermentation of the molasses, and crude protein from the microbial cells, which may also increase the variation. Fuller et al. (1987) found in different studies with growing pigs that 0.95 of urinary N excreted above N equilibrium is typically urea. In this study the ratio of the urinary urea-N of the total urinary N excretion was 0.79. A tendency to a quadratic responce of urea-N in relation to total urinary-N excretion (P<0.07) with lysine was noticed, diets with 7.5 g lysine/kg showed the lowest ratio. Increasing increments of lysine up to 8.5 g/kg showed a linear response of improved protein utilization without reaching a plateau according to the parameters measured. The inflection point is at a higher concentration of lysine for pigs with improved genetical strain. Hankahan (1989) found the plateau region of lysine response as high as the 11 g/kg increment when daily gain and feed conversion were the criteria. There was a continued improvement in backfat reduction and increased lean meat content in pigs up to lysine concentration higher than that which gave the maximal growth response. However, Yen et al. (1986) achieved the maximal growth and carcass response at the same lysine concentration. The pigs in this study were castrated males, but in many investigations maximum response was found in higher lysine levels for gilts or boars. The pigs in the present study were of high improved strain having a high potential for lean deposition which is indicated by the high daily gain.
The conclusion is that the supply of a well balanced protein based on the use of reasonable quantities of synthetic pure lysine reduces the total protein requirement due to the improved efficiency of protein utilization by bringing the pattern of ingested amino acids close to the needs of the pigs. Barley protein fortified with lysine could be substituted for a major proportion of the protein of soybean meal without adverse effect on N-metabolism criteria of the pig. No difference was noticed in response of protein utilization to the form of lysine sources, the liquid form was as efficient as crystalline. 
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